Abstract. We carried out a mark-recapture survival analysis of female Salamandrina perspicillata in two central Italian populations. Overall survival was similar in both populations (about 85-90% per year) and the estimated lifespan was about twelve years. We detected transients in one population, possibly related to the high density of females in this site. The breeding probability of females was independent from that of the preceding year.
Introduction
It is of crucial importance to identify demographic parameters and trends in population studies of species that are suspected to be declining, such as amphibians (e.g., Houlahan et al., 2000; Stuart et al., 2004) . In doing this, the capture-mark-recapture (CMR) method is a powerful tool because it accounts for imperfect detection. However, even though this method has been used with amphibians for more than two decades (Nichols et al., 1987) , its use is still not widespread (Schmidt, 2003 (Schmidt, , 2004 ). Yet, the CMR method has revealed interesting patterns in amphibian population dynamics, which would be impossible to detect by the classical methods, based on direct counts (Schmidt, Schaub and Anholt, 2002) . For example, it is by the CMR method that Schmidt, Feldmann and Schaub (2005) found that the population growth of the long-lived salamander Salamandra salamandra was more sensitive to adult survival than to recruitment; and, in the same species, Schmidt, Schaub and Steinfartz (2007) found unexpectedly high migratory activity.
In this paper, we apply the CMR method to two populations of Salamandrina perspicil-1 -Dipartimento di Biologia Animale e dell'Uomo, Università "La Sapienza", viale dell'Università 32, 00185 Roma, Italy 2 -Strada dei Benedettini 10, 05100 Terni, Italy * Corresponding author; e-mail: oppela@tin.it lata (Savi, 1821), one inhabiting a forest and the other a garden. Basic ecological information about this urodele endemic to north and central Italy is scant and its population dynamics are almost unknown. The few demographic data available in the literature are based on field counts and/or are mostly descriptive Utzeri, 2001, 2008; Della Rocca, Vignoli and Bologna, 2005; Angelini, 2006; Angelini, Cari and Utzeri, 2006; Dall'Alpi and Sazzini, 2007) . We have modelled survival of individuals from the two populations in the framework of the Cormack-JollySeber model. In doing so, we have focused our attention on the occurrence of individuals that have been present only once at the site, i.e., transients. Population regulation by floating or transience is a well known mechanism in animals (López-Sepulcre and Kokko, 2005) . Most of the studies on amphibian populations have focused on density dependent regulation during the pre-breeding stages (reviewed by Skelly and Kiesecker, 2001 ), but adult transience, as revealed by the application of the CMR method (Perret et al., 2003; Schmidt, Schaub and Steinfartz, 2007) , is an emerging theme of concern to amphibians researchers. Further, survival estimates are negatively biased if transience is not accounted for. We detected the occurrence of transience in our study species, and we will discuss this phenomenon in the framework of permanent emigration. Further, we have fo-cused our attention on whether or not females oviposited every year, an important topic to better understand some features of the reproductive investment in this species; in fact Utzeri (2001, 2008) found the growth of females to be independent from reproduction. (Angelini, Vanni and Vignoli, 2007) . In the following we will deal only with ovipositing females, that could be sexed for certain during oviposition whilst males never enter the water (Lanza, 1983; Zuffi, 1999) . Salamanders were marked by taking pictures of their ventral colouration pattern, which is unique to individuals and persistent (Vanni, Nistri and Zagaglioni, 1997) . A picture was taken every time a salamander was captured. For the aims of our analysis, captures of the same individual within the same oviposition period were pooled as a single capture in that year. At AdC, during the 2004 and 2005 oviposition seasons, we collected tail or toe tips from the hind limbs of 66 individuals for tissue analyses. We removed these individuals from the data set for the years following the collecting year, because we did not know whether or not survival and capture probabilities were affected by toe/tail cutting.
Materials and methods

Statistical analysis
We assessed the survival probabilities (φ) and capture probabilities (p) in the framework of the Cormack-Jolly-Seber (CJS) model. We carried out the goodness of fit test (GOF) on the fully time-dependent model (φ t p t ) using U-CARE (Choquet et al., 2005) . The overall GOF of the CJS model for the SRO population was marginally significant (table 1) . Nevertheless, since the variance inflation factorĉ (calculated as the ratio χ 2 /df) was quite high (2.28; see Anderson, Burnham and White, 1994) , we preferred to reject the fully time-dependent model. The GOF test suggested the presence of transients (table 1, test 3.SR), whilst by combining the component tests 3.SM and 2.CT we obtained a non-significant χ 2 (2.8, df = 2, P = 0.25; component 2.CL could not be performed because there were only four capture occasions). Consequently, we built up a new starting model to take into account the transient individuals revealed by component 3.SR. This model is based on the difference in survival probabilities between the first and the second time a salamander was caught, compared to the successive years (φ a2 * t/t , p t ). In fitting the principal model and the nested ones, we corrected for overdispersion by settinĝ c = 1.4, from tests 3.SM + 2.CT.
The fully time-dependent CJS model was rejected also for AdC, as the overall GOF test was significant (table 2) . The main lack of fit was due to component 3.SR. By combining the components 3.SM, 2.CT and 2.CL, the goodness of fit for the model (φ a2 * t/t , p t ) was marginally significant (χ 2 28 = 41.28, P = 0.051). However, the respectiveĉ was quite low (1.47) and by settingĉ = 1.47 for the model fitting we felt safe against overdispersion.
Model fitting, estimation of survival and capture probabilities, and model averaging (Burnham and Anderson, 2002) were carried out using program MARK (White and Burnham, 1999) . In this, model selection was based on a modification of the Akaike information criterion (QAICc) that accounts for overdispersion (Mazerolle, 2006) . The proportion of transients in the year i was estimated as 1 − (φ newly marked /φ already marked ), where φ is from i to i + 1 (Pradel et al., 1997) . The lifespan was estimated as 1/−ln(φ) (Seber, 1982) . The delta method (Seber, 1982) was applied to calculate the confidence interval when random variables were combined. The capture probabilities were used to estimate the number of breeding females per year i (N i ) , by dividing the number of females captured (C i ) by p i (Wood et al., 1998) . The standard error of N i was calculated as in Wood et al. (1998, equation (2)).
Results
We marked 198 females (mean = 123.2 ± 11.9 SE females captured per year) at SRO (table 4) . For AdC, the models that have constant capture probability are not given any support: their QAICc range from 127.73 to 210.94. Model (φ a2 * ./. , p t ) has clearly the most support (table 5). Table 6 gives the estimated survival rates and the number of females breeding yearly on the basis of this model. The yearly proportion of transients at SRO was 0.02 ± 0.06 SE (95% CI = −0.09-0.13) for the year 1997, at AdC was 0.14 ± 0.04 (95% CI = 0.06-0.22) all throughout the study period. The estimated lifespan after sexual maturation was 6.8 ± 0.37 years at SRO and 7 ± 0.29 years at AdC.
Test 2.CT of U-CARE's GOF test did not reveal non-random (Markovian) emigration (tables 1 and 2), that is, either females bred every year, or they skipped oviposition independently from having oviposited in the preceding year.
Discussion
In the AdC site the population size changed considerably from year to year. The population size (n) in a certain period (i.e., year in our case) (t) equals the number of individuals in the previ-ous period (n t−1 ) plus the number of individuals born or immigrated between (t − 1) and (t) minus the number of individuals died or emigrated between (t − 1) and (t). Since survival did not vary, and kept high, it could not contribute to the variation in population size at AdC. In our study design we can not model the recruitment (i.e., birth and immigration), but we detected the occurrence of transience, that can represent a form of emigration. As the starting model, we assumed the time since marking (TSM) model (φ a2 * t/t , p t ) for both populations. For the SRO population, our approach to CMR analysis was rather prudent because the models having φ dependent on TSM are not better than the CJS ones. Consequently, there is no difference between φ for the newly marked and the already marked individuals, and there are few if any transients (95% CI of the proportion of transients includes 0). In contrast, for the AdC site the TSM models fit the population dynamics better. Thus, we found transients in the population that changed in size during the study period. Nevertheless, transients are not the only explanation for the TSM model. Schmidt, Schaub and Anholt (2002) point out that test 3.SR could be significant, and thus the TSM model fits the population dynamics, if there is (i) capture probability heterogeneity. This is unlikely to occurs in our study, since the heterogeneity decreases if many capture events within a season are pooled as a single event, as we have done. Further (ii) in short-term studies even individuals that skip more than one breeding opportunity could be detected as transients. This should not be the case at AdC, for which the study period lasted nine years. Test 3.SR could be significant also if there is (iii) a marking effect. We exclude that the first handling of salamanders reduced their survival or induced them to emigrate permanently; in fact the marking method was not harmful and, at both sites, we applied it every time we captured a salamander. Finally, test 3.SR could be significant if there is (iv) a true age effect on survival or (v) occurrence of transience, two eventualities we will discuss below. Lastly, we can exclude temporary immigration to AdC, that could be detected as transience as well, since the closest Salamandrina site to AdC is located farther than five kilometres by ground, a distance which none of the Urodela (except Taricha) are known to reach up (Smith and Green, 2005) . In particular, our salamanders were never recorded to move from the close proximity of the oviposition site (Angelini, 2006) , not even between sites as close as 300 m (CA, unpublished). Because it is unlikely that salamanders that were present only once at AdC came from other sites, we conclude that these salamanders were newly (i.e., first-time) breeding females from the same site.
In our study design, mortality and permanent emigration are confounded in (1 − φ). Were the new breeders affected by a higher mortality than the old breeders, or did they emigrate at a higher rate than the old breeders at AdC, compared to SRO? We do not know if any habitat factors played a role in determining an intersite difference in the loss rate of the new breeders. The occurrence of a true age effect, i.e., higher mortality of new breeders, at AdC seems unlikely to us, because the numerous terrestrial shelters that are present there should increase the survival of salamanders (Angelini, Antonelli and Utzeri, 2008) . Interestingly, there is a great difference between the two sites in the number of females per unit of water volume: at AdC this is about 2-5 times that at SRO (cf. tables 4 and 6 and the description of sites in the methods section), and can cause an overloading of egg-sites. This high density of females could force part of the population to abandon the site after the first oviposition, in search for sites richer in egg-laying supports, as was suggested for transient, breeding females of Triturus alpestris (Perret et al., 2003) . In Salamandrina, the smaller (and younger) females of a given population oviposit later compared to the larger ones (Angelini, Antonelli and Utzeri, 2001; Angelini, Cari and Utzeri, 2006) . Consequently, the newly breeding, younger females of AdC are more likely subject to meet with an egg-laying site overloaded with eggs and they may emigrate in larger numbers. Thus, high density of conspecific induce individuals to migrate, as was recently demonstrated also by Grayson and Wilbur (2009) in a pond breedingamphibian by a field experiment, and in high density sites the density dependent number of transients plays a role in population size regulation.
According to test 2.CT of U-CARE's GOF test (tables 1 and 2), females oviposited every year, or they skipped oviposition independently from having done it in the preceding year. Both patterns are possible if females did not experience food shortage. That food may not be a limiting factor for S. perspicillata was suggested by Utzeri (2001, 2008) , who found growth seemingly independent from reproductive investment. If so, S. perspicillata should be classified as an income breeder, as was Rana temporaria (Lardner and Loman, 2003) . This contrasts to the general assumption that ectotherms behave as capital breeders (Bonnet, Bradshaw and Shine, 1998) .
At both sites, females live up to seven years after reaching maturity. Because sexual maturity is attained at four-five years (Bovero, Angelini and Utzeri, 2006) , the above estimate is consistent with the maximum age of 12 years inferred through skeletochronology by these authors for another site in central Italy. Thus, our estimation shows that in both populations survival is not low.
